Introduction
Mutations of the human tumour suppressor gene adenomatous polyposis coli (APC) are frequent in both sporadic and familial colorectal cancer (CRC) (1) . Wild-type APC protein contributes to destabilisation and degradation of β-catenin, which is a central effector molecule in the Wnt/β-catenin signalling pathway. Loss of APC function results in nuclear accumulation of β-catenin, which leads to transcriptional activation, through the β-catenin/T-cell factor complex, of target genes which may contribute to colorectal tumourigenesis (2, 3) .
Insulin-like growth factors (IGFs), including IGF-1 and IGF-2, have been implicated in the development of CRC and their effects are regulated in part by insulin-like growth factor binding proteins (IGFBPs), which have both low and high affinity for IGFs (4) . IGFBP7, also known as IGFBPrelated protein 1 (IGFBP-rP1), is widely expressed in various tissues, including the lung, brain, prostate and gastrointestinal tract (5) . IGFBP7 has been shown to regulate cell proliferation, cell adhesion, differentiation and angiogenesis in various types of cancer (6) (7) (8) and plays a potential tumour suppressor role against colorectal carcinogenesis (9, 10) . Moreover, altered expression of IGFBP7 has been demonstrated in CRC. Down- (11) and upregulation (8, 12 ) patterns compared with normal tissue have been reported.
Epigenetic modifications of DNA have been postulated to play a role in the development of multiple neoplasms in CRC (13, 14) . DNA methylation of cytosine residues in CpG dinucleotides leads to transcriptional silencing of associated genes. Promoters with methylated CpG units, which have their transcriptional activity lowered, may function as an alternative mechanism of repressing tumour suppressor genes. The aberrant methylation of gene promoter regions has been widely studied and this epigenetic event in human malignancies may affect the cell cycle control and differentiation (13) (14) (15) .
The APC promoter methylation rate has been detected in CRC and normal colorectal mucosa at a range of 11 to 62% in different populations, and has been suggested to moderate the Wnt signalling pathway (16) (17) (18) (19) (20) . Studies have indicated that IGFBP7 is inactivated by DNA methylation in human colon, lung and breast cancer (21) (22) (23) .
In the present study we used methylation-specific polymerase chain reaction (MSP) to study the methylation status of the APC and IGFBP7 genes in cancerous and paired normal tissues to evaluate its impact on clinical factors and association with ethnicity, represented by Swedish and Vietnamese CRC patients. Furthermore, we also investigated the distribution of CpG islands and the CpG dinucleotide density of each CpG island in the regions that were the subject of our discussion of methylation status.
Materials and methods
Patients and tissue sampling. The subjects of this study were 52 CRC patients from southeastern Sweden and 49 CRC patients from northern Vietnam. Tissue samples were collected when the patients underwent surgical resection for primary colorectal adenocarcinomas at the Department of Surgery, Ryhov County Hospital (Jönköping, Sweden) and the Department of Pathology, National Cancer Hospital (Tamhiep, Hanoi, Vietnam). Clinicopathological characteristics of the patients were obtained from surgical and pathological records. Tumour tissue and adjacent normal mucosa (~5 cm from the tumour) from each patient were excised and immediately frozen at -80˚C until analysis.
The Swedish patient group consisted of 30 males and 22 females with a mean age of 68 years (range, 29-85). The tumours were located in the colon (n=31) and rectum (n=21) and were classified according to the American Joint Committee on Cancer (AJCC) classification system: stage I, n=3; stage II, n=20; stage III, n=18; and stage IV, n=11. The Vietnamese patients comprised 28 males and 21 females with a mean age of 57 years (range, 26-87) and were classified as stage I, n=26; stage II, n=5; stage III, n=17; and stage IV, n=1. The tumours of the Vietnamese patients were located in the colon (n=20) or rectum (n=29). Informed consent was obtained from each subject and the study was approved by the ethics committee at the Faculty of Health Sciences Linköping, Sweden and by the guidelines of the local ethics committee in Vietnam DNA extraction, bisulphite modification and MSP. DNA was isolated from tissue samples and the cell line using the QIAamp DNA Mini kit (Qiagen, Hilden, Germany). Purified DNA (0.5 µg) was treated with bisulphite and purified using the EZ DNA methylation-gold kit (Zymo Research, Irvine, CA, USA) according to the manufacturer's instructions.
MSP was performed as previously described (17, 23, 24) . The primers were synthesised commercially (TIB Molbiol, Berlin, Germany) with sequences based on a previous study (17, 23) as follows: APC forward, 5'-TATTGCGGAGTG CGGGTC-3' and reverse, 5'-TCGACGAACTCCCGACGA-3' for the methylated reaction (17); APC forward, 5'-GTGTTT TATTGTGGAGTGTGGGTT-3' and reverse, 5'-CCAATC AACAAACTCCCAACAA-3' for the unmethylated reaction (17); IGFBP7 forward, 5'-AGAAATTAGAGGGTGGAA GAGTCGT-3' and reverse, 5'-CTACTAACGTCGAAA AATAAACGAA-3' for the methylated reaction (23); IGFBP7 forward, 5'-AGAAATTAGAGGGTGGAAGAGTTG-3' and reverse, 5'-CTACTAACATCAAAAAATAAACAAA-3' for the unmethylated reaction (23) .
The methylated and unmethylated MSP conditions for APC were as follows: initial cycle at 95˚C for 15 min followed by 35 cycles at 95˚C for 15 sec, 60˚C for 45 sec, 72˚C for 30 sec and final elongation at 72˚C for 10 min. The amplified 98-bp product for the methylated signal and the 108-bp product for the unmethylated signal were visualised by UV-illumination on 2% agarose gel containing Gel Red (Biotium, Inc., Hayward, CA, USA).
The total volume of the PCR mixture was 25 µl and contained 60 ng bisulphite-modified DNA, 0.5 µM of each primer (TIB Molbiol), 1. CpG island analysis. Using RefSeqGene of APC (GenBank: NG_008481.4) and (GenBank: NG_031877.1) all potential transcription start sites (TSSs) were identified. Then 3,000 bp, including 2,000 bp of sequence extending from the 5' upstream region to 1,000 bp downstream of the TSS, were selected to submit to the MethPrimer (25) and cpgplot programmes (EMBOSS) (26) for analysis of the CpG islands.
Promoter prediction. The 3,000-bp sequence of the IGFBP7 gene (GenBank: NG_031877.1) was entered into the programmes of FirstEF (27) and Proscan (28) for its promoter prediction.
Statistical analysis. The Chi-square test was used to investigate the difference in the methylation status of the groups. Statistical analyses were performed using SPSS for Windows computer package (Rel. 14.0, SPSS Inc., Chicago, IL, USA, 2005). P<0.05 was considered to indicate a statistically significant result.
Results

Distribution of CpG islands in selected region of the APC and IGFBP7 genes.
Using the MethPrimer and cpgplot programmes, 4 CpG islands around TSS-1 (NM_001127511.1) and 1 CpG island around TSS-2-3 (NM_001127510.1 and NM_000038.4) were determined for the APC gene. The result of the CpG island analysis for the IGFBP7 gene was 2 CpG islands (Fig 1) .
In order to study promoter methylation, the promoter sequences were searched in the nucleotide database. The APC promoter sequence was found in GenBank (U02509). However, the IGFBP7 gene promoter was not found, therefore we predicted the promoter using two programmes (FirstEF and Proscan). The predicted result of the IGFBP7 promoter sequence was from -338 to -88 (Proscan) and -333 to +237 (FirstEF) in the positions relative to the TSS (+1).
In comparison of the CpG islands and promoter sequences, the CpG island of the APC gene in position -179 to +29 is located within the 1A promoter region (accession No. U02509) and the CpG island of the IGFBP7 gene in position -343 to +119 is located in the predicted promoter region of the IGFBP7 gene. Therefore, DNA sequences of these islands were used as templates for MSP analysis (Fig. 1) .
APC and IGFBP7 methylation status in CRC tissues and paired normal tissues. An MSP assay was performed for APC in tissues from 52 Swedish CRC patients and 49 Vietnamese CRC patients and for IGFBP7 in 51 of the tissues from the Swedish patients and 48 of the Vietnamese patients. Representative band profiles of the MSP reactions of the APC and IGFBP7 are illustrated in Fig. 2 . Methylated (M) and unmethylated (U) signals of the IGFBP7 and APC genes were detected in HT-29 cells and colorectal tissue (Fig. 2) .
For APC, no biallelic methylation (M/M) signals were detected in colorectal tissue either in Swedish or Vietnamese patients (Table I) . However, the groups exhibited a pattern that included both monoallelic methylation (M/U) and biallelic unmethylation (U/U; Table I ).
With regard to the IGFBP7 gene, we observed each combination of methylation and unmethylation status in all tissue samples from the two groups, with the exception of the combination U/U in normal tissue from Swedish patients (Table I) .
In the cancerous tissue from Swedish patients, methylation in the APC and IGFBP7 genes was detected in 53.8 (28/52) and 88.2% (45/51) of the samples, respectively. In cancerous tissue from Vietnamese patients, the methylation rate in the APC and IGFBP7 genes was 44.9 (22/49) and 89.6% (43/48), respectively ( Table I ).
The methylation rates of the APC and IGFBP7 genes in normal tissue from Swedish patients were 71.1 (37/52) and 100% (51/51), respectively. APC and IGFBP7 gene methylation in the normal tissue of Vietnamese patients was present in 59.2 (29/49) and 89.6% (43/48) of samples, respectively (Table I) .
Overall, the difference in methylation frequency between cancerous and normal tissue within and between the ethnic groups was not statistically significant for APC or IGFBP7, with the exception of the normal tissue from Swedish patients, which exhibited a significantly (P<0. When we studied the individual methylation in cancer relative to the matched normal tissue, we found that 7 Swedish patients had a higher degree of methylation of the IGFBP7 gene in cancer tissue than the corresponding normal tissue. When the same comparison was made in Vietnamese patients, we found that 17 patients showed a higher degree of methylation in cancer versus matched normal tissue (Table II) . The difference between the ethnic groups was significant (P<0.05). A similar comparison was made of the methylation of the APC gene, in which we found that 7 Swedish and 8 Vietnamese patients showed a higher degree of methylation in cancer than in matched normal tissue, but the difference was not significant.
There was no statistically significant association between MSP findings with other clinical parameters, including gender, age, location or stage (data not shown).
Discussion
Epigenomic instability has been postulated to play a role in the development of multiple types of neoplasia, including CRC (13, 14) . The methylation of gene promoter regions has been widely studied and this epigenetic event affects cell cycle control and differentiation in human malignancies. Previous studies have reported that the aberrant hypermethylation of promoter CpG islands is linked to gene silencing and loss of tumour suppressor function (13) (14) (15) .
The tumour suppressor gene APC is one of the key components of the Wnt pathway (3). The reported methylation status of the promoter of APC varies greatly among studies of CRC in different populations (16) (17) (18) (19) (20) . Moreover, hypermethylation of the APC promoter has been shown to be relatively common in other gastrointestinal neoplasms, including those of the stomach, liver, pancreas and oesophagus (17, 29) .
In the Swedish and Vietnamese CRC patients, methylation of the APC gene was detected without any significant difference between the cancerous and normal tissues within or between the ethnic groups. In agreement with the results of previous studies (30, 31) , we also noted that the colon cancer cell line HT-29 shows APC gene hypomethylation status.
IGFBP7 plays a potential tumour suppressor role against colorectal carcinogenesis (9,10). The molecular mechanism by which IGFBP7 contributes to tumour suppression is not fully understood. Altered expression of IGFBP7 compared with normal tissue has been noted (8, 11, 12) and higher tissue expression indicates favorable prognosis (10) . However, these facts contradict the results of Adachi et al, who found IGFBP7 expression to be correlated with a poor prognosis (32) . Studies have indicated that the IGFBP7 gene is inactivated by DNA methylation in human colon, lung and breast cancer (21) (22) (23) . In agreement with previous observations (11, 33) , we found that the colon cancer cell line HT-29 shows IGFBP7 gene hypermethylation status. No significant difference was Table II . Distribution of methylation (M) and unmethylation (U) of APC and IGFBP7 genes in CRC tissues compared with matched normal tissue from Swedish and Vietnamese patients. When we studied the individual methylation in cancer compared with the matched normal tissue, we found that certain Swedish patients had a higher degree of methylation in cancer tissue than the corresponding normal tissue with respect to IGFBP7. When the same comparison was made with Vietnamese patients, we found a significantly higher number of patients with higher degree of methylation in cancer versus matched normal tissue.
Normal tissue ----------------------------------------------------------
In the present study, a number of patients had a high degree of methylation of the normal tissue. However, epigenetic alterations are commonly observed not only in cancer tissues but also in non-cancerous tissues, as has been noted in the stomach (34) and colon (35) . Such phenomena may be explained by the 'field cancerisation' caused by carcinogen exposure (35) . In our case, this may be explained by the influence of inflammatory mediators, as inflammation has been shown to accelerate DNA methylation in normal tissues (36) .
In Vietnam, malignancies of the gastrointestinal tract are common in the stomach and liver but are comparatively less frequent in the colon and rectum (37) . The incidence of CRC is rapidly rising in Asian countries and is beginning to exhibit the same rate as in Western countries (38) . However, there remains a difference in the incidence of CRC between Vietnam and Western countries (38) . As part of efforts to increase our understanding of this difference and reflect molecular pathological differences, we chose to consider the epigenetic aspects of CRC. To the best of our knowledge, this is the first time that the methylation status of the APC and IGFBP7 genes has been analysed in Vietnamese CRC patients.
Taken together, our results suggest that hypermethylation of the APC and IGFBP7 gene promoter region in cancerous and normal tissue may be a prognostic factor in CRC patients. We are aware that our finding needs to be confirmed by extended studies before drawing a final conclusion regarding these suggestions. Moreover, the data presented in this study are prerequisite to a forthcoming study of CRC patients to evaluate the influence of APC and IGFBP7 gene methylation status in cancer and normal tissue on 5-year survival and recurrence rates.
